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CD4 (T4) is a glycoprotein of relative molecular mass 55,000 (M r 
55K) on the surface of T lymphocytes which is thought to interact 
with class II MHC (major histocompatibility complex) molecules, 
mediating efficient association of helper T cells with antigen- 
bearing targets 1 ' 3 . The CD4 protein Is also the receptor for HIV, 
a T-lymphotropic RNA virus responsible for the human acquired 
immune deficiency syndrome (AIDS) (refs 4-7). To define the 
mechanisms of interaction of CD4 with the surface of antigen- 
presenting cells and with HIV, we have isolated the CD4 gene and 
expressed this gene in several different cellular environments 7 * 8 . 
Here we describe an efficient expression system in which a recom- 
binant, soluble form of CD4 (sCD4) is secreted into tissue culture 
supernatants. This sCD4 retains the structural and biological 
properties of CD4 on the cell surface, binds to the envelope 
glycoprotein (gpllO) of HIV and inhibits the binding of virus to 
CD4* lymphocytes, resulting in a striking inhibition of virus 
infectivity. 

The CD4 molecule is comprised of an N-terminal hydro- 
phobic signal sequence, four extracellular domains with 
homology to immunoglobulin variable and joining regions, a 
hydrophobic transmembrane domain, and a highly charged 
cytoplasmic segment 8,9 . To obtain large quantities of the 
extracellular segment of CD4, we introduced a termination 
codon into the CD4 complementary DNA 8 at the extracellular 
boundary of the transmembrane domain, expecting that the 
truncated protein would be secreted in a soluble form. This 
sCD4 cDN A was inserted between the SV40 early promoter and 
the bovine growth hormone (BGH) polyadenylation site 
(Fig. la). The sCD4 expression cassette was linked to a mouse 
dihydrofolate reductase (dhfr) expression cassette 10 to permit 
co-amplification of the sCD4 gene on exposure to increasing 
concentrations of the dhfr inhibitor methotrexate (MTX). This 
vector, psT4DHFR (Fig. la), was transfected into the dhfr- 
deficient CHO cell line, DXB1I (ref. 11), and transformants were 
selected and exposed to progressively increasing concentrations 
of methotrexate 12 . Supernatants from clones were monitored for 
the expression of sCD4 by one of three independent assays: (1) 
immunoprecipitation from 35 S-labelled cultures with CD4- 
specific monoclonal antibodies; (2) Western blot analysis using 
a rabbit anti-CD4 polyclonal antibody developed against a 
denatured CD4 protein produced in bacteria; and (3) competi- 
tion enzyme-linked immunosorbent assay (ELISA) performed 
with immobilized sCD4. 

35 S-methionine- and 35 S-cysteine-labelled sCD4 from culture 
supernatants was specifically immunoprecipitated by each of 
six anti-CD4 monoclonal antibodies but not by control anti- 
bodies (Fig. l/>). In contrast, when culture supernatants were 
analysed under denaturing conditions by Western blot analysis, 
sCD4 was not recognized by any of the six anti-CD4 monoclonal 
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Fig. 1 a, Plasmid psT4DHFR is a pUCl8 derivative containing 
base pairs (bp) 1-1,257 of the CD4 cDNA clone pT4B 8 which 
encodes the leader and extracellular segment of CD4. This sCD4 
cDNA is inserted between an SV40 early promoter and a synthetic 
linker containing a TAA termination codon (inset) followed by 
the polyadenylation region of the bovine growth hormone gene. 
The sCD4 expression cassette is linked to a mouse dhfr expression 
cassette consisting of the 0-globin promoter, mouse dhfr coding 
sequence and the SV40 polyadenylation region. 6, Epitope charac- 
terization of sCD4. Cell lines were metabolically labelled with 
35 S-methionine and cysteine and the supernatants were 
immunoprecipitated with monoclonal antibodies to CD4 (OKT4, 
T4A, T4C-F), CD8, and control antibodies (mouse IgG (M. IgG) 
and rabbit anti-mouse IgG (RaMIgG)). Regular molecular masses 
(M r ) are given in thousands. 

Methods, a, Plasmid psT4DHFR was constructed in pUC18 and 
contains the following sequence elements isolated from previously 
reported plasmids: SV40 early promoter 10 , SV40 poly(A) early 
region 10 , bovine growth hormone poly(A) region 10 , mouse /3- 



globin promoter 14 , mouse dhfr coding region 15 and bp 1-1257 of 
the CD4 cDNA clone pT4B 8 . The full-length CD4 cDNA was 
truncated at a HpaU site (bp 1,252) and ligated to a synthetic 
linker (inset) which restored bp 1,253-1,257 of the CD4 coding 
sequence and placed a TAA termination codon after bp 1,257. 
DXB-1 1 cells, a dhfr CHO cell line 11 , were transfected by calcium 
phosphate precipitation 16 with 10 or 30 \l% of psT4DHFR one day 
after seeding. Transformants were selected in nucleoside-free 
medium and the transforming sequences were amplified through 
rounds of increasing MTX concentrations 12 . 6, Cultures containing 
1 x 10 6 cells per 60 mm culture dish were labelled for 16 h at 37 °C 
in 1.5 ml methionine and cysteine free F12 medium containing ITS 
(Collaborative), glutamine, 170 jiCi ml" 1 33 S-methionine and 
30M.Cimr' 3S S-cysteine (ICN). Clarified media was precleared, 
incubated with 5 jig OKT4, T4A, T4C-T4F, OKT8 (P. Rao, Ortho), 
mouse IgG (Cooper), or rabbit anti-mouse IgG (Cooper) for 30 min 
at 4 °C, then incubated with protein A-Sepharose beads. The beads 
were washed twice, boiled for 5 min in 20 |U sample buffer and 

analysed by electrophoresis through a 12.5% SDS-polyacrylamide 

get under reducing conditions. 
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Fig. 2 a, SDS-PAGE 
profile of purified sCD4. 
Relative molecular masses 
(Af r ) are given in kitodal- 
tons. 6, Co precipitation of 
HIV gpllO with sCD4. 
Supernatant containing 
sCD4 and control super- 
natant from untransformed 
DXB-11 cells were ad- 
sorbed to Sepharose beads 
coated with OKT4, control 
antibody MOPC141 (iso- 
type matched to OKT4), or 
human anti-HlV lgG. The olt _ 
beads were washed, mixed with a lysate 
of 35 S-methionine-labelled HIV, washed, 
and bound material was eluted and subjee- ■ 
ted to SDS-polyacrylamide gel elec- w * JjL 
trophoresis (SDS-PAGE). Lane 1, eluate iff. 
from OKT4 beads incubated with sCD4; 

lane 2, eluate from OKT4 beads incubated — _ 

with control supernatant; lane 3, eluate M * — 

from MOPC141 beads incubated with 

sCD4; lane 4, eluate from anti-H IV beads; 

lane 5, eluate from non-immune IgG - 

beads. Relative molecular masses are given. 

Methods, a, Purified sCD4 (3 jig) was electro phoresed through a 12.5% 
polyacrylamide gel and visualized by silver stain. b t A lysate of extracel- 
lular HIV was internally labelled with 35 S-methionine and 35 S-cysteine 
as previously described 6 . Sepharose beads coupled to OK.T4 monoclonal 
antibody, MOPC141 paraprotein (isotype matched to OKT4), human 
anti-H IV IgG and non-immune human IgG were prepared as previously 
described 6 . OKT4 beads and MOPC141 beads (10 m-D were incubated 
for 2 h at 4 °C with —5 pig of sCD4, or control supernatant from untrans- 
formed DXB-11 cells, then washed once with lysing buffer. The 35 S- 
labelled HIV (preadsorbed) was added and the beads were incubated 
for 3h at 4°C. Washing, elution of bound material and SDS-PAGE 
under reducing conditions were performed as previously described 6 . 



antibodies (which recognize only native protein), but was readily 
detected by rabbit anti-CD4 polyclonal serum raised against a 
denatured form of CD4 produced in bacteria (not shown). 
Several clones synthesize >3 pg of sCD4 per cell in 24 hours, 
giving ^40 mg of sCD4 per litre in high-density suspension 
cultures over 4 days. We have purified large quantities of sCD4 
to >95% purity (Fig. 2a), and this purified protein shows the 
same pattern of antibody reactivity as described for sCD4 in 
culture supernates. These data suggest that sCD4 maintains a 
configuration analogous to the native extracellular domain of 
CD4 on the lymphocyte surface. 

We next examined whether sCD4 associates with HIV 
envelope glycoprotein gpl 10. Purified sCD4 (—5 jig) was adsor- 
bed to Sepharose beads coated with OKT4 or control antibody. 
OKT4 associates with the CD4 molecule without inhibiting the 
ability of CD4 to interact with virus 4 " 7 . The beads were mixed 
with a lysate of 35 S-methionine-Iabelled HIV. Only the 110K 
envelope glycoprotein is coprecipitated by the complex of sCD4 
with OKT4 (Fig. 26, lane 1); no viral proteins are precipitated 
by OKT4 beads without sCD4 or in the presence of control 
supernatants from the untransfected CHO cells (Fig. 26, lane 
2). Furthermore, no viral protein is precipitated if Sepharose 
beads coated with control mouse immunoglobulin (isotype mat- 
ched to OKT4) are incubated with sCD4 (Fig. 26, lane 3). Thus 
the soluble CD4 protein, without other T-cell surface com- 
ponents can specifically associate with the envelope glycoprotein 
of the AIDS virus. 

To examine whether sCD4 abolishes HIV binding to the 
surface of CD4 + cells, CEM T cells (which carry CD4) were 
exposed to HIV in the presence or absence of sCD4. After viral 
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Fig. 3 a, sCD4 inhibits HIV binding to CD4* CEM T cells. Cells 

were incubated with buffer ( ), HIV precincubated with sCD4 

( ), or with HIV preincubated with concentrate control super- 
natant from untransformed DXB-11 ( ), washed, exposed to 

fluorescein-conjugated anti-H IV antibody, and analysed by cyto- 
fluorometry as previously described 11 . A fluorescence histogram 
(cell number against fluorescence intensity) is shown. 6, Plot of 
percentage of positive cells by flow cytometry versus concentration 
of sCD4. 



adsorption, the cells were washed, exposed to fluorescein-conju- 
gated anti-H IV antibody, and analysed by flow cytometry 
(Fig. 3a) 6,7 . HIV binds efficiently to CEM cells, but if the virus 
is preincubated with sCD4 the binding is abolished; 3 ng of 
purified sCD4 is sufficient to inhibit the binding of lOOng of 
viral protein (Fig. 36). We estimate that if the envelope gly- 
coprotein comprises 5% of the total viral protein, then a 2:1 
molar ratio of CD4 to gpl20 can completely inhibit HIV binding 
to CD4 + cells. 

Finally, we have examined the ability of soluble CD4 to inhibit 
the infection of CD4* cells by HIV. Phytohaemagglutinin 
(PHA)-stimulated human lymphocytes were exposed to serial 
ten-fold dilutions of an HIV inoculum in the presence or absence 
of sCD4, washed and plated in microculture. The frequency of 
infected culture was determined using an immunoassay 4, 8 and 
12 days after exposure to virus 13 (Fig. 4a). We define the infec- 
tious virus titre, ID-50, as the reciprocal of the dilution required 
to infect 50% of the exposed cell cultures at day 12 (Fig. 46), 
In the absence of sCD4, the ID-50 observed with our viral 
inoculum is - 10 5 . However, in the presence of 8 p,g ml" 1 purified 
sCD4, the infectivity is diminished to an ID-50 of 10 l 5 (Fig. 
46). This dramatic reduction in infectivity is observed 
throughout the course of infection. As a control for nonspecific 
inhibition or toxic effects, sCD4 was added to cultures 18 h after 
the initial exposure to virus. These cultures show only a 1 log 
inhibition in the ID-50 (Fig. 46), probably resulting from inhibi- 
tion of virus spread after the initial inoculation. Thus, the 
inhibition of virus infection by sCD4 is likely to be a result of 
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Fig. 4 inhibition of H IV infectivity by sC D4. o, Plot of percentage 
of cultures positive for HIV at day 8 versus dilution of virus 
inoclum; b, Plot of ID- 50 (reciprocal of virus dilution at which 
50% of cultures are positive) at days 4, 8 and 12. Infectivity titration 
of an HIV inoculum (ID-50 assay) was performed as previously 
described 17 . Briefly, serial 10-fold dilutions of virus inoculum are 
incubated with indicator cells (PHA-stimulated human lym- 
phocytes) for 18 h. The cells are then washed and plated in micro- 
culture (1 x 10 s cells per culture, 10 cultures per dilution). At days 
4, 8 and 12, supernatants are tested for HIV by the antigen capture 
assay 13 . ID-50 titrations were performed in media containing 
8.6u,gmr' sCD4 which was added to the HIV dilution 30min 
before inoculation of cells and maintained in the culture media 
throughout the experiment (■ — ■), or in media containing sCD4 
introduced after the initial 18 h inoculum (O — O) (delayed addi- 
tion control), or in media without sCD4 (□—□), control). 



the specific association of sCD4 with gpllO, inhibiting the 
interaction of virus with CD4* cells. We estimate that our viral 
preparations of 10 4 infectious particles per ml actually contain 
10 8 particles per ml. If each particle contains 1,000 envelope 
glycoproteins, the 3.5 log inhibition we observe is obtained at 
a ratio of 1,000 CD4 molecules per molecule of envelope glyco- 
protein. 

The ability of sCD4 to bind gpllO and inhibit viral infection 
in vitro immediately suggests the potential use of sCD4 as an 
antiviral agent in AIDS patients. Although significant variance 
exists among the different HIV isolates, each appears to use 
CD4 as a cellular receptor. Thus, sCD4 is likely to be a universal 
inhibitor of viral infection. Although sCD4 is extremely effective 
in vitro, its use in man will depend on the pharmacokinetics of 
sCD4, its immunogenicity, its effects on the cellular immune 
response and the clinical significance of inhibiting viral spread 
in infected individuals. Whatever the efficacy of sCD4 as a 
therapeutic in AIDS, this reagent should allow a more precise 
understanding of the structural basis for the association of CD4 
with the HIV envelope glycoprotein and with the surface of 
antigen-presenting cells. 

We thank S. P. Cort, M. S. Kennedy, A. Kandil, C. Silverman 
and A. Truneh for assistance during the project, M. Rosenberg 



for support and encouragement, Ortho Pharmaceuticals for pro- 
viding OKT4 and Brian Soda for preparation of the figures. 
This work was supported by the Howard Hughes Medical 
Institute (R.A.) and by a grant from the National Institutes of 
Health (PJ.M. and R.A.). 

Received 28th October; accepted 26 November 1987. 

1. Cay, D. el at. Nature 328, 626-629 (1987). 

2. Sleckman, B. D. et al Nature 328, 351-353 (1987). 

3. Thomas. Y.. Rognozinski, L. & Chess, L Immun. Rem 74, 113-128 (1985). 

4. Dalgleish, A. G. et al Nature 312, 763-766 (1984). 

5. Klatzman, O. et al Nature 312, 767-768 (1984). 

6. McDougal, J. S. et al Science 231, 382-385 (1986). 

7. Maddon, P. J. et al Celt 47, 333-348 (1986). 

8. Maddon, P. J. et al Cell 42, 93-104 (1985). 

9. Maddon, P. J. et al. Proa natn. Acad. ScL U.S.A. (in the press). 

10. Pfarr, D. S., Sathe, G. A Refl, M. F. DNA 4, 461-467 (1985). 

11. Urlaud, G.. Kas, E-, Carothers, A. M. & Chasin, L A. Cell 33, 405-412 (1983). 

12. Kaufman, R. J., Sharp, P. A. & Latt, S. A. Motec. cell Biol 3, 699-711 (1983). 

13. McDougal, J.-S. et al J. immun, Meth. 76, 171-183 (1985). 

14. Berg, P. E. et al Motec cell Biol 3, 1246-1254 (1983). 

15. Subramani, S., Mulligan, R. & Berg, P. Molec. cell. Biol I, 854-864 (1981). 

16. Wiglcr, M. et al Celt 11, 223-232 (1977). 

17. McDougal, J. S. et al J. Immun. 135, 3151-3162 (1985). 



Soluble CD4 molecules neutralize human 
immunodeficiency virus type 1 

Andre Traunecker, Wolfgang Luke* & Klaus Karjalainen 

Basel Institute for Immunology, Grenzacherstrasse 487, CH-4058 
Basel, Switzerland 

* Deutsches Primatenzentrum, Abteilung Virologie und Immunologic, 
Kellnerweg 4, Gottingen 3400, FRG 



Human immunodeficiency virus (HIV) infection can bring about 
total collapse of the immune system 1,2 by infecting helper T 
lymphocytes which express CD4, the molecule which mediates 
interaction between the cell surface and viral envelope glycoprotein 
gpl20 (refs 3-10). HIV apparently escapes the effects of neutraliz- 
ing antibodies in vivo by generating new variants which must still 
interact with CD4 to maintain a cycle of infection 11-14 . One route 
to block HIV infection, therefore, could use solubilized CD4 
protein to inhibit attachment of the virus to its target cell. We 
have used recombinant DNA techniques to generate soluble forms 
of CD4, and show here that these are potent inhibitors of HIV 
infection in vitro. 

Two different chimaeric genes based on immunoglobulin- 
expression systems were made (Fig. 1). The construct HT4-Y1 
codes for the N-terminal immunoglobulin-like region and three 
following domains of CD4 which comprise the whole extracel- 
lular portion; the other, HT4-X6, codes for the immunoglobulin- 
like and second domains only 15,16 . In both cases the C-terminal 
part of the protein consists of the immunoglobulin k light-chain 
constant region. 

The introduction of these constructs into myeloma cells (Fig. 

2) resulted in the secretion of the two chimaeric proteins of 
predicted apparent molecular weight: HT4-Y1 and HT4-X6 
transformants produced molecules of relative molecular mass 
(M r ) 60,000 (60K) and 30K respectively, as detected by Western 
blotting with anti-* antibodies (Fig. 2a). Furthermore, 
immunoprecipitations of the supernatants with two different 
monoclonal anti-CD4 antibodies (Fig. 2b) showed that these 
secreted proteins retained at least some of their original confor- 
mation. 

In addition, the soluble CD4 proteins could bind at low 
concentration to purified HIV-envelope protein gpl20 in solid- 
phase assays, consistent with a high-affinity interaction 10 (Fig. 

3) . The lower intensity of the signal generated by the 'complete* 
CD4 (Y124) compared to the truncated one (X6-10) is probably 
due to a concentration difference in the supernatants (20 and 
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